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Ultrahigh molecular weight polyethylene (UHMWPE)/WS2 nanoparticle fibers were prepared by adding WS2 nanoparticles treat-
ed by coupling agent in the precursor solution of UHMWPE. The influence of WS2 nanoparticles on the microstructure and prop-
erties of UHMWPE fibers was characterized by SEM, TGA, mechanical property measurement and bullet-shock test. The results 
showed that WS2 nanoparticles can be uniformly dispersed in the UHMWPE fiber. After incorporating of WS2 nanoparticles, 
UHMWPE fibers became stiffer and tougher than the pristine ones. Particularly, the modulus of the fiber increased from 1203 to 
1326 cN/dtex. Furthermore, UHMWPE/WS2 fibers showed an improved thermal stability. 
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Bullet-proof materials can absorb shockwaves with very 
high pressure and thus can protect bodies or properties from 
damages resulted from bullets. Inorganic fullerene WS2 
(IF-WS2), named after the carbon fullerene molecular C60, 
shows superior ability to absorb shockwaves owning to its 
close-cage onion-like structures [1–3]. The shockwaves can 
be distributed uniformly on the surface of IF-WS2 and ab-
sorbed by its hollow core. IF-WS2 can resistant shocks with 
pressure up to 25 GPa, which is much higher than the pres-
sures (12–20 GPa) aluminum oxide and boron carbide can 
resistant [4–7]. Its shock-resistant ability is even better than 
that of carbon nanotubes which possess excellent mechani-
cal properties [6]. Besides, the anti-shock ability of IF-WS2 
is twice that of boron carbide and silicon carbide, which are 
currently widely used as anti-shock materials [8–11].   
Recently, ultrahigh molecular weight polyethylene 
(UHMWPE) fibers are widely used in the field of military 
as bullet-proof materials. Incorporation of inorganic nano-
particles into UHMWPE fibers can improve the mechanical 
properties of UHMWPE fibers, resulting in improved an-
ti-shock performance [12–14]. This method can combine 
the advantage of both UHMWPE and inorganic nanoparti-
cles. It is much effective compared with the typical post- 
treatment method of UHMWPE by chemical functionaliza-
tion or physical irradiation. In this work, UHMWPE/WS2 
composite was prepared by adding IF-WS2 into the precur-
sor solution of UHMWPE and UHMWPE/WS2 fibers were 
drawn by gel spinning and molding technique. The influ-
ence of IF-WS2 on the mechanical and thermal properties of 
UHMWPE fibers has been investigated.  
1  Experimental 
1.1  Materials  
The average molecular weight of UHMWPE, which was 
produced by Celanese (Nanjing) Chemical Co., Ltd., was 
about 4.5×106. White oil was supplied by Total Co., Ltd. 
Extraction agent (Exxsol D60) was from Exxon Mobil Co., 
Ltd. Antioxidant (B215) was obtained from Tangshan Baifu 
Chemical Co., Ltd. IF-WS2 nanoparticles with an average 
diameter of 60–120 nm were bought from Changsha 
Huajing Powdery Material Technological Co., Ltd. Silane 
coupling agent (KH550) was got from Qingdao Haida 
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Chemical Co., Ltd. Commercial nonanhydrous alcohol was 
used as received. 
1.2  Preparation of UHMWPE/WS2 fibers 
The as-received IF-WS2 nanoparticles were first pre-treated 
by the following process. 300 g IF-WS2 nanoparticles, 24 g 
silane coupling agent and a certain amount of nonanhydrous 
alcohol were put into a 500 mL three-mouth flask with me-
chanical stirring. The mixture was stirred for 2–3 h at 
70–80°C, then dried at 105°C in vacuum.  
The surface modified IF-WS2 nanoparticles were mixed 
with UHMWPE at different percentage (1 wt‰, 2 wt‰,    
3 wt‰ and 4 wt‰), then a certain amount of antioxidants 
and white oil were added with stirring to prepare a solid- liq-
uid suspension with a polymer concentration of 8 wt%. Fi-
nally, resin of UHMWPE/WS2 composite was prepared after 
swelling at high-temperature and dissolution with stirring.  
The UHMWPE/WS2 resin was squeezed into a double 
screw extruder with continuous stirring, which helps the 
dissolution of UHMEPE and the dispersion of IF-WS2 na-
noparticles in the resin. The obtained UHMWPE/WS2 
composite was directly spun into fibers via gel spinning 
process, and then placed into a barrel for phase separation. 
Finally, UHMWPE/WS2 fibers were obtained by extracting, 
drying and heating tension from UHMWPE/WS2 gel fibers. 
1.3  Characterization 
The cross-section of the fibers was characterized by scan-
ning electron microscopy (SEM, JSM-7401F). The sample 
for SEM characterization was prepared by embedding dried 
UHMWPE/WS2 fibers in epoxy and cutting.  
Tensile testing was carried out on a tensile testing 
equipment (026H-250 tension, Wenzhou Darong Textile 
Instrument Co., Ltd.) at room temperature. A cross-head 
speed of 400 mm/min and a gauge length of 500 mm were 
used for all the fibers. For each kind of sample, 10 speci-
mens were tested for averaging. 
Thermo gravimetric analyses (TGA) of UHMWPE/WS2 
fibers and pure UHMWPE fibers were performed with a 
Mettler Toledo TGA/DSC 1/1600 thermo gravimetric ana-
lyzer. The samples were heated from 40 to 600°C at a rate 
of 10°C/min in nitrogen. 
The antiballistic performance of the fibers was tested by 
shocking the fibers using a “Five-Four” pistol equipped 
with “Five-One” bullet at a distance of 5 m. The degree of 
testing is the second level of the ministry of public security.  
2  Results and discussion 
2.1  Preparation of UHMWPE/WS2 fibers 
It is difficult to dissolve UHMWPE in solvent since 
UHMWPE has very uniform and long chains, good crystal-
linity and high molecular weight. To help its dissolution, the 
UHMWPE was swelled first to weaken or eliminate the 
interactions between molecular chains, which will facilitate 
the penetration and dispersion of solvent into the polymers. 
In order to disperse IF-WS2 nanoparticles in the 
UHMWPE uniformly, special cares should be paid in the 
process to prepare UHMWPE/WS2 resin. Particularly, we 
used the following process in our experiment. First, swollen 
UHMWPE (60 wt%) and UHMWPE (40 wt%) were mixed 
together to increase the viscosity of the composite precursor. 
Then, the composite resin went into the double screw ex-
truder with continuous string.  
Figure 1 shows images of the as-prepared pristine 
UHMWPE fibers and UHMWPE/WS2 fibers. We can see 
that the color of all the fibers is uniform and UHMWPE/ 
WS2 fibers show a greyish color compared with pure 
UHMWPE fibers.  
2.2  Distribution of IF-WS2 nanoparticles in UHMWPE 
fibers 
IF-WS2 nanoparticles were dispersed in the composite fi-
bers uniformly. Figure 2(a) and (b) shows the SEM images 
of the cross section of the pristine UHMWPE fiber and 
UHMWPE/WS2 fiber, respectively. As seen in Figure 2(a), 
there is no observable nanoparticle in the cross section of 
pristine UHMWPE fiber. In contrast, obvious nanoparticles 
which are distributed uniformly in the matrix and have di-
ameters in the range of 60–120 nm can be observed in the 
cross section of UHMWPE/WS2 fiber shown in Figure 2(b). 
2.3  Mechanical properties of UHMWPE/WS2 fibers 
Table 1 shows the mechanical properties of pristine 
UHMWPE fibers and UHMWPE/WS2 fibers prepared with 
a draw ratio of 40. With the incorporation of IF-WS2 nano-
particles, we can see improved mechanical properties of the 
fibers. For example, with adding of 1 wt‰ WS2 nanoparti-
cles, the tensile strength of the fibers has been improved by  
 
 
Figure 1  Images of pristine UHMWPE fibers (a) and UHMWPE/WS2 
fibers (b). 
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Figure 2  SEM photographs of the cross section of pristine UHMWPE fiber (a) and UHMWPE/WS2 fiber (b). 








at break (%) 
UHMWPE 28.2 1203 3.1 
UHMWPE/WS2-1‰ 30.3 1223 3.1 
UHMWPE/WS2-2‰ 29.7 1256 3.1 
UHMWPE/WS2-3‰ 26.0 1298 3.2 
UHMWPE/WS2-4‰ 25.8 1326 3.3 
 
 
7% compared with the pristine ones. With adding of 4 wt‰ 
WS2 nanoparticles, the tensile modulus of the fibers has 
been improved from 1203 to 1326 cN/dtex (increased by 
10%). Our results prove that incorporation of WS2 nanopar-
ticles, especially functionalized WS2 nanoparticles, into 
UHMWPE can improve the mechanical properties of 
UHMWPE fibers. Tensile strain can be transferred from the 
UHMWPE fiber to WS2 nanoparticles due to the strong 
interactions between them, which lead to improved me-
chanical properties of the composite fibers [15].  
However, as shown in Table 1, with increased weight 
percentage of WS2 nanoparticles, a decrease in the tensile 
strength of the UHMWPE/WS2 fibers has also been ob-
served. With 4 wt‰ WS2 nanoparticles, the composite resin 
is even difficult to be drawn into fibers continuously. This 
may be related to the deteriorated dispersion of WS2 nano-
particles in the UHMWPE matrix with increased percentage 
of WS2 nanoparticles. The aggregated WS2 nanoparticles 
may play roles of the stress concentration points, resulting 
in the rupture of the fibers under certain tensile strain. In 
addition, excess adding of WS2 nanoparticles can also lead 
to decreased molecular weight of UHMWPE, which will 
result in decreased tensile strength [15]. 
2.4  Thermal stability of UHMWPE/WS2 fibers 
Figure 3 shows the TGA curves of UHMWPE fibers and 
UHMWPE/WS2 fibers obtained in N2. The decomposition 
temperature of UHMWPE/WS2 fibers is above 430°C, which 
is obviously higher than that of pristine UHMWPE fibers,  
 
Figure 3  TGA curves of pristine UHMWPE fibers and UHMWPE/WS2 
fibers. 
indicating an improved thermal stability of UHMWPE/WS2 
fibers. This can be attributed to the good thermal stability of 
WS2 nanoparticles. Furthermore, it also suggests that the 
functionalized WS2 nanoparticles have been incorporated 
into the UHMWPE matrix successfully and the contact be-
tween them allows efficient heat transfer.  
With increased percentage of WS2 nanoparticles, a de-
creased decomposition temperature of UHMWPE/WS2 fiber 
has been observed in Figure 3. This is in consistence with 
the variation trend observed in the tensile strength of the 
composite fibers. We suspect this is also related to the de-
creased molecular weight of UHMWPE induced by adding 
of WS2 nanoparticles. 
2.5  Antiballistic performance of UHMWPE/WS2 fibers 
Table 2 shows the antiballistic performance of a series of 
bullet-proof materials made of pristine UHMWPE fibers 
and UHMWPE/WS2 fibers. We can see that, UHMWPE/ 
WS2 fibers show better anti-shock ability compared with 
pristine UHMWPE fibers. As mentioned in Section 2.3, the 
adding of WS2 nanoparticles leads to increased tensile 
modulus of UHMWPE/WS2 fibers, which will contribute to  
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Table 2  Antiballistic performance of UHMWPE/WS2 fibers 
Samples 





Depth of concavity 
(mm) 
Diameter of concavity 
(mm) 
UHMWPE 6.58 40 40 19.62 48.37 
UHMWPE/WS2-1‰ 6.56 40 40 15.66 43.86 
UHMWPE/WS2-2‰ 6.59 40 40 16.90 52.01 
UHMWPE/WS2-3‰ 6.56 40 27 15.87 42.56 
UHMWPE/WS2-4‰ 6.57 40 29 17.38 44.37 
 
 
improved anti-shock ability. Besides, the hollow structures 
of IF-WS2 nanoparticles can absorb shockwaves and lead to 
excellent antiballistic performance. 
3  Conclusion 
Composite was prepared by adding functionalized IF-WS2 
nanoparticles into the precursor solution of UHMWPE and 
a series of UHMWPE/WS2 fibers were prepared using a gel 
spinning-molding technique. The UHMWPE/WS2 fibers 
have been characterized by SEM, TGA, mechanical prop-
erty measurement and bullet-shock experiment. The results 
indicate the IF-WS2 nanoparticles are dispersed in the 
UHMWPE matrix uniformly. The as-prepared UHMWPE/ 
WS2 fibers showed obviously improved mechanical proper-
ties and anti-shock performance compared with pristine 
ones. With adding of 4 wt‰ WS2 nanoparticles, the tensile 
modulus of composite fibers has been increased from 1203 
to 1326 cN/dtex. Furthermore, the adding of WS2 nanopar-
ticles improves the thermal stability of the fibers. Based on 
the above results, we expect UHMWPE/WS2 fibers made 
by this method, with its excellent anti-shock performance, 
are very promising for military applications such as person-
al protective gears or armor vehicles. 
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